This paper presents a simplified life cycle analysis case study of a new developed automotive parking brake lever using polymer composites. Two composite materials were analysed for the component construction, namely glass fiber/polypropylene composites and hybrid kenaf/glass fiber/polypropylene composites. The rule of mixture and hybrid rule of mixture composite's micromechanical models were utilized to determine the functional unit in the life cycle analysis. Later, the life cycle inventory data were defined for the production, use and end-of-life stages for the component. The Eco-indicator 99 method was selected for the overall LCA process. The final life cycle analysis results show that parking brake lever using the hybrid kenaf/glass fiber/polypropylene composites scores better environmental impact when compared to the similar component using glass fiber composites. This proved that the introduction of kenaf natural fiber, as the alternative reinforcement material in the polymer composites construction, is able to reduce the environmental impact throughout the product life cycle towards achieving better sustainable performance of the product.
Introduction
Natural fiber composites have been applied to automotive component design primarily due to their environmental friendly and low cost advantages. However to date its application focuses on the non-structural automotive components such as rear tray, door trim, door panel and dashboard due to low structural strength property. For a higher load bearing application or in structural application, the use of either synthetic composites (GFRP and CFRP) is more preferred due to their higher structural strength property which is comparable to traditional automotive metals such as steel and aluminium. An ingenuous solution to enable natural fiber to be applied in higher load bearing applications is through hybridizing it with higher strength synthetic fibers. Several researchers have demonstrated the potential of hybrid natural fiber/synthetic fiber composites for structural applications such as the use of hybrid kenaf and glass fiber reinforced epoxy composites in automotive bumper beam design as well as hybrid hemp and glass fiber reinforced epoxy vinyl ester composites for elbow fitting components [1, 2] .
Despite such advantage, works on the characterization of hybrid composites performance in terms of environmental impact especially for product development purposes throughout the product life cycle are still not widespread compared to other types of polymer composite materials. One notable description on hybrid composites was reported on life cycle assessment of hybrid glasshemp/thermoset composites for elbow fitting component to compare environmental impact analysis between glass/thermoset composites and hybrid glass-hemp/thermoset composites [3] . The findings show that the introduction of hemp natural fiber into the hybrid composites formulation has enabled a better environmental impact for the product compared to use composites made from glass fiber reinforcement alone.
Thus, in this study, the environmental impact of a new parking brake lever component made from two alternative materials namely glass fiber reinforced polymer composites (GFRP) and hybrid kenaf and glass fiber reinforced polymer composites are investigated. Rule of Mixture (ROM) and Hybrid Rule of Mixture (HROM) area applied to determine theoretically the equivalent functional unit for both composite materials as well as the Eco-indicator 99 method is used for the environmental impact assessment. The impact assessment results for the entire product life cycle between both composite materials were compared using the general eco-indicator point as proposed.
Methodology
There are four main stages in the Life Cycle Assessment (LCA) process namely: the goal and scope, inventory analysis, impact assessment, and interpretation [4] . The overall LCA process for the new automotive parking brake lever is discussed below.
Goal of the Study
The primary goal of this case study is to evaluate the environmental impact based on the ecoindicator score of a new automotive parking brake lever design. The design is made from two different materials: glass fiber reinforced polypropylene composites and hybrid kenaf/glass fiber reinforced polypropylene composites. Fig. 1 shows the overall system boundaries for the LCA process implemented in the case study. The project scope involved cradle-to-grave approach which included raw material production up to product end-of-life.
Scope of Study -System Boundaries

Fig.1. System boundaries for LCA
Functional Unit
The functional unit is defined as the reference unit in the LCA where a system performance is quantified [4] . In this case study, the parking brake lever is assigned as the functional unit where it is defined as a parking brake lever with 69 cm 3 volume which achieves the required minimum structural strength of 286.5 MPa. The structural strength is derived based on the United States Federal Motor Vehicle Safety Standards (FMVSS) Part 571.135 for lightweight passenger vehicle parking brake system design using the current parking brake lever component [5] .
Glass Fiber Production
Polymer Production Based on the functional unit, the equivalent desired properties for both the glass fibers reinforced polypropylene composites (GF/PP) and hybrid kenaf/glass fiber reinforced polypropylene composites (KF/GF/PP) were calculated using the ROM and HROM as shown in Table 1 [6, 7] . The predicted composite properties analyzed using the ROM and HROM is shown in Table 2 . 
Composite strength:
Note: ρ f = fiber density; ρ m = matrix density; V f = fiber volume fraction; V m = matrix volume fractions;  f = ultimate fiber strengths;  m = ultimate matrix strengths;  c1 and  c2 = relative hybrid tensile strength of the first and second system respectively; V c1 and V c2 = relative hybrid volume fraction of the first and second system respectively Life Cycle Inventory The LCA evaluation is performed using the Eco-indicator 99 method. Among the advantages of implementing the Eco-indicator method are due to its good transparency and handling process which makes it easy to be applied [8] . Table 3 shows the life cycle inventory and the equivalent indicator used in defining every input in the overall life cycle phases for the parking brake lever component. The standard Eco-indicator values used is dimensionless figures and 1 Pt represents one thousandth of the yearly environmental load of one average European inhabitant [9] . In the product life cycle, the injection moulding process is selected for the component production for both materials where the injection moulding process is among the common manufacturing process used to produce automotive components using polymer composites [8] . To simplify the inventory analysis, it is assumed that the injection moulding process utilizes an industrial Nessei 80 tonne injection moulding machine. The total power requirement for operation to produce one unit of component based on the machine specification is 134.03 kWsec [10] .
Apart from that, the landfilling method is selected for both composites materials as landfilling is the common disposal method associated with glass fiber polymer composites and natural fiber polymer composites performed at the end of life stage for the materials [11] . Meanwhile the electricity input for the system boundary is based on the Malaysian power supply specifications (distribution) which are at voltage of 33kV, 11kV and 400/230 volts, 50Hz ± 1% [12] . Other assumptions made for the life cycle inventory were the transportation distance as well as Ecoindicator score for kenaf fiber (production) and glass fiber (landfill) due to lack of actual data. Nevertheless, the assumption made for distance travelled in the transportation process is kept consistent for both of the analyzed composites materials for more accurate comparison results. Table 4 shows the overall LCA results of the new parking brake lever design using both glass fiber reinforced polypropylene composites (GF/PP) and hybrid kenaf/glass fiber reinforced polypropylene composites (KF/GF/PP). Based on the Eco-indicator method, it is observed that hybrid KF/GF/PP composites produced eco-indicator score of 21.61 mPt compared to GF/PP composites with eco-indicator score of 27.02 mPt. This score shows that approximately 20% reduction of overall environmental impact score is achieved by using the hybrid KF/GF/PP composites compared to the GF/PP composites. Thus, this indicates that the hybrid composites are more environmental friendly compared to the purely synthetic composites for the component production. Pairwise comparison for each phase in the life cycle for both compared composite materials is shown in Fig. 2 . It is found that GF/PP obtained the highest Eco-indicator scores at two out of three life cycle phases which are meant for the production and disposal phases compared to hybrid KF/GF/PP. Thus, the utilization of hybrid KF/GF/PP compositeshas enabled up to 32% and 30.4% environmental impact improvement in the production stage and in the disposal stage to be achieved compared to GF/PP composites respectively. For the use phase, the hybrid KF/GF/PP composites score higher eco-indicator result compared to the GF/PP composites. However, it is later analyzed that the score difference where only 7.6% is higher in terms of the environmental impact by using hybrid KF/GF/PP composites compared to GF/PP composites.
Results and Interpretation
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Fig.2. Comparison of environmental impacts between GF/PP and KF/GF/PP composites for parking brake lever design
In terms of Eco-indicator contribution for the selected materials, further analysis is shown in Fig.  3 . It highlighted that both materials and the production phase contribute to the most environmental impact in the whole product life cycle, followed by the use phase and the disposal or end of life phase. Several factors were found to influence higher environmental impact score such as higher non-renewable energy requirement. This energy is needed to produce synthetic fibers (in this case the glass fiber) as well as the high amount of polypropylene resin required to formulate the polymer composites. These findings also show that effort can be focused into both main contributing phases, namely the production and disposal stage. This is to improve the environmental impact by the product especially during the early product in the development stage. Among the proposed solutions are to reduce the amount of glass fiber as well as polypropylene resin used which have high indicator score property. Besides that, change to other more environmental friendly type of resin such as bio-based polypropylene resin may also be done to reduce the environmental burden despite the consequent increase of product cost by using such material. Fig.3 . Eco-indicator contribution by life cycle stages for parking brake lever using glass fiber/polypropylene and kenaf/glass fiber/polypropylene composites
Conclusion
In conclusion, the simplified LCA performed shows that hybrid KF/GF/PP composites are more environmentally friendly compared to the GF/PP composites. They revealed that the introduction of natural fibers into the hybrid composites has enable positive improvement in environmental impact Applied Mechanics and Materials Vol. 699 of the product throughout its life cycle. Thus, it is suitable to be chosen as the alternative composite materials for the new parking brake lever construction. It was also found that the production and use phase contributed to the highest environmental impact in the overall product life cycle. Thus, more efforts can be channeled to these key phases in order to further improve on the environmental performance of the selected materials for the parking brake lever construction by designers especially in the early product in the development stage. For future work, it is recommended that consistency analysis need to be conducted to further validate the results obtained as well as to use advanced simulation tools such as SimaPro or Gabi LCA tool to convert the basic Eco-indicator results into damage categories in order to assess more thoroughly its specific environmental impact such as damage to human health, ecosystem quality and resources.
